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Abstract 
Quantitative analysis of microwear 
features preserve~ on the occlusal 
surfaces of the Ms of southern African 
specimens of Australopithecus and 
Paranthropus (the so-called 'gracile' 
and 'robust' australopithecines) reveals 
that there is no striking relationship 
in either taxon between occlusal facet 
inclination and the incidence of wear 
features. Within each taxon, Phase I 
and Phase II facets tend to differ in a 
similar manner in the total number of 
wear features, the percentage frequency 
of pitting, and in the orientation of 
wear scratches. Nevertheless, 
Paranthropus molars tend to display 
significantly greater numbers of 
microwear features on both Phase I and 
II facets than do Australopithecus 
homologues, and Paranthropus molars also 
evince significantly higher proportions 
of occlusal pitting on these surfaces. 
Paranthropus and Australopithecus 
crowns also differ significantly in the 
degree by which the occlusal wear 
scratches vary in their orientation. On 
each facet, Australopithecus tooth 
scratches display a greater degree of 
directional similarity. The differences 
between the Phase I and Phase II facet~ 
of Australopithecus and Paranthropus Ms 
suggest that the dietary items involved 
in the production of these observed 
patterns differed also. The diets of 
these Plio-Pleistocene hominids appear 
to have been qualitatively dissimilar. 
Key Words: Microwear, Diet, Molars, 
Australopithecines, Africa, Occlusion, 
Mastication, Adaptation, Quantification. 
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Introduction 
The dietary proclivities of the 
Plio-Pleistocene hominids have been the 
subject of prolonged and vigorous debate 
since Robinson's (1954a, 1954b) proposal 
that the morphological differences be-
tween Australopithecus and Paranthropus 
(the so-called 'gracile' and 'robust' 
australopithecines) were related 
primarily to their feeding habits. Over 
the past thirty years, inferences about 
the diets of these early hominids have 
been based on multifarious considera-
tions, including gross cranial morph-
ology, estimates of body size, dental 
proportions and morphology, and upon 
evidence concerning macroscopic features 
of tooth wear such as tooth-chipping 
(Robinson 1954a, 1954b; Groves and 
Napier 1968; Jolly 1970; Wallace 1973; 
Wolpoff 1973, 1974; Pilbeam and Gould 
1974; cachel 1975; Szalay 1976; DuBrul 
1977; Peters 1981; Kay 1985). Through-
out these debates, one of the principal 
questions has been whether the morphol-
ogical differences between the 'gracile' 
and 'robust' australopithecines are 
related to the (allometric) effects of 
differing body sizes, or whether they 
represent functional adaptations to 
different trophic strategies. 
One approach that has been shown to 
be potentially useful in the determinat-
ion of both masticatory jaw movements 
and diet in extant as well as extinct 
species is the analysis of dental micro-
wear (Walker 1976; Rensberger 1978; Ryan 
1978, 1981; Walker et al. 1978; Gordon 
1982, 1984; Peters 1982; Teaford and 
Walker 1984; Teaford 1985). To date, 
however, there have been relatively few 
attempts to apply observations of micro-
wear in the reconstruction of early 
hominid diets (Grine 1977, 1981, 1984; 
Ryan 1979; Walker 1980; Puech et al. 
1983), and these studies have relied 
solely upon qualitative assessments of 
the observed wear patterns. 
Work by Gordon (1982), Teaford and 
Walker (1984) and Teaford (1985) has 
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demonstrated that quantitative analyses 
of occlusal microwear can be used to 
distinguish amongst extant primate taxa 
with different dietary habits. 
The present investigation, which 
was undertaken to test the conclusions 
reached in earlier, qualitative studies 
of deciduous molar wear in 
Australopithecus and Paranthropus (Grine 
1977, 1981, 1984), is based on a 
quantitative assessment of the microwear 
features displayed by the permanent 
maxillary second molars of these taxa. 
The wear parameters considered here 
include (i) the effect of the degree of 
inclination of the occlusal facets on 
the observed wear features, (ii) the 
total number of features evinced by 
Phase I and Phase II facets, (iii) the 
relative frequency of occlusal pitting 
shown by these surfaces, and (iv) the 
variability of occlusal scratch 
orientation. 
Materials and Methods 
This study is based on scanning 
electron microscope (SEM) analysis of 
the occlusal wear features displayed by 
permanent maxillary second molars of 
southern African specimens of 
Australopithecus and Paranthropus. The 
sample considered here comprises ten 
specimens of Australopithecus from 
Member 4 of the sterkfontein Formation, 
and nine specimens of Paranthropus from 
Member 1 of the swartkrans Formation and 
Member 3 of the Kromdraai Formation. 
Only a single tooth of each individual 
specimen was examined. 
The occlusal surfaces of those 
crowns chosen for SEM study were 
cleaned, first with cotton wool soaked 
in Acetone, and then with 95% ethanol; 
vigorous scrubbing was avoided. In some 
instances, the molar surfaces had to be 
cleared of adhering matrix or patches of 
Glyptal coating by careful mechanical 
preparation under a binocular dissecting 
microscope. 
Molds of the cleaned teeth were 
made with 3M Regular Set Express 
Impression material, and prior to 
casting, the molds were allowed to sit 
in a dust-free environment at room 
temperature for between 6 and 8 h in 
order to permit total degassing. The 
casts were made with Araldite 502 
hardened with Araldite HY 956, which 
catalyses at room temperature. The 
epoxy resin replicas were sputter coated 
with approximately 200A of gold and 
examined in an AMR 1400 scanning 
electron microscope at an accelerating 
voltage of 10 kV in the secondary 
electron mode. All micrographs were 
taken using Polaroid Type 55 P/N film. 
Three separate enamel wear facets 
(numbers 5, 6 and 9 of Kay and Hiiemae 
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(1974) and Kay (1975))were examined on 
each specimen. Facets 5 and 6, which 
are located on the mesiolingual and 
distolingual aspects of the protocone 
respectively, occlude with the matching 
surfaces of the metaconid and entoconid 
during Phase I masticatory activity. 
Facet 9, which is located over the 
distobuccal aspect of the protocone, 
approaches the lingual face of the 
hypoconid during Phase I action, and 
moves across it during Phase II 
activity. 
The Phase I facets are generally 
regarded as shearing surfaces, with 
shear being defined as an action in 
which the occluding faces slide relative 
to one another nearly parallel to their 
planes of contact (Kay and Hiiemae 1974; 
Kay 1975). Phase II facets, on the 
other hand, are generally held to 
produce crushing and grinding activity, 
where grind is defined as the action 
resulting from applied stresses having 
components both perpendicular and 
parallel to the approaching or actual 
contact between the occlusal surfaces 
(Kay and Hiiemae 1974; Kay 1975). Both 
Phase I and Phase II surfaces were 
examined in order to ascertain whether 
they revealed any differences in 
microwear details within either early 
hominid sample. 
In earlier studies (Grine 1981, 
1984), it was observed that the Phase I 
surfaces of slightly and moderately worn 
Australopithecus deciduous molars tend 
to be more highly angled than those of 
similarly worn Paranthropus homologues. 
Whilst no distinct relationship between 
facet inclination and microwear pattern 
was observed for these milk teeth, it 
was noted that because the disposition 
of the facet surface could have a 
profound effect upon its resultant 
activity in mastication, the potentially 
confounding variable of facet 
inclination should be considered in 
microwear analyses (Grine 1981). This 
factor, however, has been all but 
ignored in such studies. 
In the present investigation, the 
degree of inclination to a standard 
horizontal was recorded for each of the 
three facets on a second set of epoxy 
casts of the specimens examined by SEM. 
In each instance, the buccal and lingual 
cervical enamel margins defined the 
horizontal base of the crown. The casts 
were orientated under a binocular 
dissecting microscope equipped with a 
camera lucida such that the plane of the 
facet under consideration was parallel 
to the microscope objective. The 
observed linear edge of the facet was 
traced with the camera lucida, and its 
preferred angle measured against the 
horizontal base. While some degree of 
subjectivity exists in the determination 
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of the preferred orientation of a 
straight line describing a facet, the 
results of repeated observations using 
this method indicated repeatability to 
within about 5 degrees. 
With regard to the SEM examination 
of the specimens, each facet was 
orientated normal (or nearly normal) to 
the electron beam and, where possible, 
micrographs were recorded in what was 
judged to be the center of the facet. 
In some instances, however, natural 
postmortem and/or earlier preparation 
damage marred the center of the surface 
so that micrographs had to be taken 
closer to the edge of the facet. In all 
cases, the entire facet was examined 
under 250x magnification so as to ensure 
that the area micrographed was not 
unusual. 
Two micrographs, one at 1oox and 
another at 200x, were recorded at the 
same spot for each facet. The l00x 
micrographs were used to count the 
number of wear features evinced within 
that field. Counting was performed by 
placing the contact micrograph under a 
clear acetate sheet and ruling a 
rectangular field equivalent to 0.5 mm2 
in the center of the micrograph. Each 
feature within that field was scored on 
the acetate sheet with ink to ensure 
that large or elongate features were not 
counted more that once. Pits and 
scratches were scored independently by 
subjective determination rather than by 
employing arbitrary length to width 
ratios of the features, many of which 
were truncated at the edges of the 
field. 
The 200x micrographs were employed 
in the determination of the orientation 
of the wear scratches preserved on each 
facet. In this instance, the contact 
micrograph was placed under a clear 
acetate sheet and the scratches were 
traced with ink. The angle at which the 
principal straight axis of each scratch 
diverged from the principal buccolingual 
(BL) axis of the crown, as recorded from 
the CRT, was determined. Because of the 
commonly large number of scratches per 
field, not every one could be included. 
In these cases, however, care was taken 
to ensure that the included scratches 
bore a proportional resemblance to the 
directionality of the total number of 
scratches within each field. Because of 
the problems associated with the assign-
ment of a straight line to oftentimes 
curvilinear and/or truncated scratches, 
the angles recorded are probably accur-
ate to within only about 5 degrees. For 
this reason, the preferred orientations 
of the scratches were denoted as falling 
within 10 degree blocks. In addition, 
because of the sometimes considerable 
differences in the numbers of scratches 
displayed by various facets, the stat-
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istical analyses of scratch orientation 
are based upon the percentage frequen-
cies of those falling within 10 degree 
blocks rather than on the actual angles 
assumed by the individual scratches. 
Results 
Effect of facet inclination 
The relationship between the degree 
of facet angulation to the horizontal 
and the total number of microwear 
features evinced per mm2 on facets 5, 6 
and 9 of Australopithecus and 
Paranthropus molars is depicted in Fig. 
1. In no instance is there a strong 
correlation between facet inclination 
and the number of microwear scratches 
and pits within either sample. 
Similarly, no definite relationship was 
found to exist between the inclination 
of any of the three surfaces examined 
and the proportional incidence of 
occlusal pitting. 
With regard to facets 6 (Phase I) 
and 9 (Phase II), there is a discernible 
tendency for Paranthropus specimens to 
show a greater number of features than 
Australopithecus molars at comparable 
degrees of inclination. At the same 
time, there is also a tendency for 
occlusal pitting to be more frequent on 
Paranthropus than on Australopithecus 
molars for all three facets at 
comparable degrees of angulation. 
Thus, whilst there is no apparent 
relationship between the degree at which 
a facet is inclined to the horizontal 
and the incidence of microwear 
scratching and pitting within either 
early hominid sample, there is a 
tendency for the Paranthropus specimens 
to exhibit greater numbers of features 
as well as higher proportions of 
occlusal pits at any given degree of 
facet inclination. Wit~ regard to the 
three surfaces of the M examined, then, 
facet inclination does not appear to be 
a confounding factor in the comparisons 
of these incidences. 
Incidence of microwear features 
Microwear features (i.e., scratches 
and pits combined) tend to be more 
numerous on facets of Paranthropus M2 s 
than on Australopithecus homologues 
(Table 1). The differences between the 
sample averages are statistically sig-
nificant with regard to facets 6 and 9, 
but not for Phase I facet 5. Thus, 
there is a notable tendency for there to 
be a greate~ number of microwear feat-
ures per mm on both the Phase I and 
Phase II surfaces of 'robust' australo-
pithecine molars. Within both samples, 
the average numbers of features displa-
yed by Phase II surfaces exceed those 
shown by either of the Phase I facets. 
Comparisons of the percentage 
frequencies of scratches and pits on the 
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Figure 1. Relationship between degree 
of facet inclination to horizontal (O 
degrees) and the total number ~f micro-
wear features displayed per mm on Phase 
I facets 5 and 6 and Phase II facet 9 of 
Australopithecus and Paranthropus M2s. 
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protoconal facets of Australopithecus 
and Paranthropus molars are recorded in 
Table 2. Percentage incidences derived 
from the total number of features recor-
ded for each sample, as well as those 
comprising the averages of individual 
percentages reveal that Paranthropus 
molars possess a significantly greater 
amount of pitting on all three occlusal 
facets than do Australopithecus crowns. 
Moreover, the differences between these 
taxa are notably greater for the Phase I 
facets (both 5 and 6) than for the Phase 
II surface. Within both samples, the 
incidence of pitting on Phase II facet 9 
exceeds that for either Phase I surface. 
Thus, while in Australopithecus and 
Paranthropus there tends to be a dif-
ference between Phase I and Phase II 
occlusal surfaces, wherein the latter 
tend to evince proportionately more 
pitting, the 'robust' australopithecine 
crowns tend to be more pitted than the 
'gracile' molars on both Phase I and 
Phase II surfaces. Since the difference 
between these samples is especially 
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Table 1 
TOTAL NUMBER OF M
2 
FACET FEATURES (permm 2 ) 
FACET SAMPLE x SD ·,· p 
9 Australopithecus 290.4 82,7 
Paranthropus 437,6 106.2 
3.39 <0,005 
5 Australopithecus 251.6 78,1 
Paranthropus 306.4 57.0 
1.73 
6 Australopithecus 208.8 53.1 
4.91 <0.001 
Paranthropus 341.3 64.5 
Table 2 
M2 SCRATCH-PIT FREQUENCIES 
PERCENTAGES FROM SAMPLE TOTAL 
FACET SAMPLE SCRATCH PIT x_2 
9 Ausfralopithecus 68.9 31 ,3 
7.92 <0.005 
Poranthropu~ 49.2 50.8 
5 Australopithecus 84.8 15.2 
Poranthropus 64.4 35.6 
10.98 <0.001 
6 Australopithecus 87.5 12.5 
Paranthropus 60.1 39.9 
19.41 <0.001 
AVERAGES OF INDIVIDUAL PERCENTAGES 
FACET SAMPLE SCRATCH PIT 'X2 
9 Australopithecus 69.2 30.8 
Paronthropus 51.5 48.5 
6.55 <0.02 
5 Australopithecus 85.5 14.5 
Paranthropus 65.4 34.6 
10.91 <0.001 
6 Australopithecus 87.3 12.7 
Poranthropus 62.0 38.0 
16.91 <0.001 
striking with regard to the Phase I 
facets, it would appear that Phase I 
masticatory activity in Paranthropus 
consisted of significantly more crushing 
than in Australopithecus. Indeed, 
within the Paranthropus sample, the 
incidences of pitting recorded for Phase 
I facets 5 and 6 are higher than the 
frequency of pitting observed for the 
Phase II facet on Australopithecus 
molars. 
Occlusal scratch orientation 
The angles at which scratches on 
the three protoconal facets depart from 
the principal BL crown axis (0 degrees) 
in the Australopithecus and Paranthropus 
samples are depicted graphically in Fig. 
2. In both taxa, scratch orientation 
tends towards the distal (D) side of the 
BL axis for all three facets, indicating 
that the scratches are predominantly of 
distobuccal-mesiolingual orientation. 
Also, in both samples, the scratches on 
facet 9 display a greater degree of 
directional heterogeneity than on either 
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Figure 2. Histograms of scratch orient-
ation on Phase I facets 5 and 6 and 
Phase II facet 9 of Australopithecus and 
Paranthropus upper second molars. D = 
distal, B = buccolingual, M = mesial. 
For all three facets, however, the 
scratches evinced by Australopithecus 
molars display a significantly greater 
degree of directional similitude than 
those shown by Paranthropu~ crowns (Fig. 
2). That is, Bartlett's X analysis 
shows the sample distributio2s to differ 
significantly for f~cet 9 (X = 28.94; p 
< 0.05), facet 5 (X = 45.91; p < 0.005) 
and facet 6 (X2 = 42.30; p < 0.005). It 
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is perhaps noteworthy that the 
distributions of scratches on the Phase 
I facets are more dissimilar to one 
another in their variability than are 
the distributions recorded for the Phase 
II facets of the Australopithecus and 
Paranthropus molars. 
While the majority of scratches 
that reveal a mesiobuccal-distolingual 
orientation are probably attributable to 
contralateral tooth gliding (Grine 1981) 
rather than to an hypothesized orthal 
retraction power stroke during active 
mastication, some part of the greater 
heterogeneity shown by the scratch 
orientations on the Paranthropus crowns 
may be attributable to eccentric jaw 
movements during chewing. Such an 
increase in the variability of preferred 
jaw movement through both Phase I and II 
activity may reflect differences in the 
mechanical properties of the items that 
were masticated. 
Discussion and Conclusions 
Since Robinson's (1954b) proposal 
that Australopithecus and Paranthropus 
occupied dissimilar 'adaptive' zones, 
the functional, taxonomic and ecological 
implications of the morphological dif-
ferences between the so-called •gracile' 
and 'robust' australopithecines have 
been the subject of vigorous debate. 
Considerable attention has been paid to 
the problem of sorting those features 
that are evidence of significant funct-
ional differences from those that may 
represent requisite allometric effects 
of body size differences. Because 
trophic factors are central to the 
understanding of early hominid ecology 
aDd evolution, the evaluation of dental 
parameters that may reflect upon dietary 
habits has been the focus of a number of 
studies (see references in Grine (1981) 
and Kay (1985)). 
Previous study of the occlusal mic-
rowear features evinced by the deciduous 
molars of southern African specimens of 
Australopithecus and Paranthropus conc-
luded that while the Phase II surfaces 
of these crowns are scratched and pit-
ted, the pits tend to predominate more 
heavily on Paranthropus teeth (Grine 
1977, 1981, 1984). In addition, it was 
noted that the Phase I surfaces of 
Australopithecus molars tend to be pol-
ished and finely scratched whereas these 
surfaces on Paranthropus specimens tend 
to be more heavily scratched and pitted. 
As a result of this qualitative assess-
ment of microwear details, together with 
other evidence for differences in masti-
cation (e.g., the morphologies shown by 
the leading and trailing enamel borders 
of dentine exposures), it was proposed 
that the •robust' australopithecines 
engaged in more crushing and grinding 
chewing activity than Australopithecus, 
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and that the 'robust' australopithecine 
juveniles were not just triturating 
quantitatively more of the same foods 
that were chewed by Australopithecus 
individuals (Grine 1981, 1984). 
As noted by Gordon (1982), however, 
the significance of these reported dif-
ferences in deciduous molar wear between 
the South African 'gracile' and 'robust' 
australopithecines is difficult to det-
ermine because of the qualitative nature 
of Grine's analyses. In order to assess 
independently these previous conclus-
ions, the present quantitative study of 
permanent molar wear was ~ndertaken. 
Examination of the M's of ten 
specimens of Australopithecus and nine 
of Paranthropus has revealed that there 
is no compelling relationship between 
the degree of Phase I and Phase II facet 
inclination and the frequency of micro-
wear features within either taxon. In 
neither sample does facet angulation 
Australopithecus M2 Facet 5 STS28 
Paranthropus M2 Facet 5 SK48 
Figure 3. Micrographs of Phase I facet 
5 showing occlusal wear details evinced 
by specimens of Australopithecus and 
Paranthropus. Scale bar= 100 Am. 
EARLY HOMINID DENTAL MICROWEAR 
from horizontal appear to be correlated 
with either th~ total number of features 
evinced per mm or with the incidence of 
occlusal pitting. 
Within both taxonomic samples, the 
Phase II surfaces tend to possess great-
er numbers of wear features, together 
with proportionately higher frequencies 
of pitting than the corresponding Phase 
I facets. Also, within both samples, 
the scratches on the Phase I surfaces 
tend to display greater degrees of 
orientational homogeneity than those on 
the Phase II faces. This would appear 
to suggest that in both Australopithecus 
and Paranthropus, Phase I activity dif-
fered from that displayed during Phase 
II. Since the Phase II surfaces tend to 
evince more pitting and greater hetero-
geneity in scratch orientation, it would 
seem reasonable to suggest that these 
surfaces were engaged in more crushing 
and grinding activity that the Phase I 
facets in both of these early hominid 
Australopithecus M2 Facet 6 STS61 
Paranthropus M2 Facet 6 TM 1517 
Figure 4. Micrographs of Phase I facet 
6 showing occlusal wear details evinced 
by specimens of Australopithecus and 
Paranthropus. Scale bar= 100 um. 
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taxa. It would appear, then, that the 
differences between Phase I and Phase II 
activity documented by Kay and Hiiemae 
(1974) and Kay (1975) for other primates 
existed also within Australopithecus and 
Paranthropus. 
Despite the similarity shown by 
Australopithecus and Paranthropus in the 
apparent distinction between Phase I and 
Phase II surfaces, Paranthropus crowns 
differ significantly from Australopithe-
cus molars in the wear features associa-
ted with both triturative phases. 
Paranthropus molars tend to display 
greater numbers of microwear features 
per mm2 than do Australopithecus homol-
ogues on protoconal Phase I and Phase II 
facets. Paranthropus crowns also evince 
significantly higher frequencies of occ-
lusal pitting on both the Phase I and 
Phase II surfaces, and the incidences on 
the Phase I facets of Paranthropus teeth 
are higher than the frequencies shown by 
Australopithecus M2 Facet 9 STS28 
Paranthropus M 2 Facet 9 SK42 
Figure 5. Micrographs of Phase II facet 
9 showing occlusal wear details evinced 
by specimens of Australopithecus and 
Paranthropus. Scale bar= 100 ~m. 
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the Phase II facets of Australopithecus 
homologues. This latter situation is 
likely related to Paranthropus having 
engaged in more crushing and grinding 
activity during Phase I (as well as 
during Phase II) of mastication than did 
Australopithecus. Moreover, occlusal 
wear scratch orientation is significant-
ly more variable in the Paranthropus 
sample for Phase I and Phase II facets. 
While it is possible that Paranthropus 
experienced more contralateral tooth 
gliding contact than Australopithecus 
during mastication, it would appear 
unlikely that this factor is responsible 
for the observed differences between 
these samples, inasmuch as both samples 
display a markedly greater degree of 
directional heterogeneity on Phase II 
than on Phase I facets. Just as the 
difference within each sample in the 
degree of variability shown in scratch 
orientation on the Phase I and Phase II 
facets is probably ascribable to the· 
greater amount of grinding activity 
displayed by the latter, so too are the 
differences between the Paranthropus and 
Australopithecus samples perhaps best 
attributed to concomitant differences in 
active-side masticatory function. 
The differences in the total numb~r 
of microwear features displayed per mm, 
the percentage incidence of pitting, and 
the degree of scratch orientation varia-
bility observed betwee2 the Paranthropus 
and Australopithecus M samples are most 
likely attributable to differences in 
the mechanical properties of the items 
that were masticated. The microscopic 
details ~f occlusal wear that are shown 
by the M Phase I facets 5 (Fig. 3) and 
6 (Fig. 4), and by the Phase II facet 9 
(Fig. 5) of the Australopithecus and 
Paranthropus specimens from southern 
Africa are consistent with the interpre-
tation that the diets of these taxa were 
qualitatively dissimilar. 
While the wear details recorded 
here may not be indicative of specific 
diets per se, the differences shown by 
the permanent molars of these hominid 
taxa would seem to indicate that the 
agents involved in the production of the 
observed patterns differed also. It 
seems unlikely that Paranthropus simply 
masticated more of the same foods that 
were chewed by Australopithecus. 
Acknowledgements 
I thank C.K. Brain and E.S. Vrba of 
the Transvaal Museum, Pretoria, and P.V. 
Tobias of the University of the Witwat-
ersrand, Johannesburg, for permission to 
examine and cast the early hominid fos-
sils in their care. I am exceedingly 
grateful to these individuals for the 
generous hospitality that they showed 
during my visits to their institutions. 
654 
I thank E.A. Peterson for her painstak-
ing care and expertise in the manufacture 
of the casts of the fossil teeth, G. 
Shidlovsky of the Brookhaven National 
Laboratory for access to and assistance 
with the AMR 1400, and J. Gwinnett for 
the use of the sputter coater. I am 
grateful to A. Walker, M. Teaford, K. 
Gordon, D.W. Krause, W.L. Jungers, N. 
Creel and J.G. Fleagle for fruitful dis-
cussions about fossils, diets and the 
interpretation of microwear data. This 
work was supported by a grant from the 
L.S.B. Leakey Foundation. 
References 
Cachel S (1975). A new view of specia-
tion in Australopithecus. In: Paleoanth-
ropology, Morphology and Paleoecology, 
Tuttle R (ed.), pp. 183-200. Mouton, 
The Hague. 
DuBrul EL (1977). Early hominid feeding 
mechanisms. Am. J. phys. Anthrop. 47, 
305-320. 
Gordon KD (1982). A study of microwear 
on chimpanzee molars: implications for 
dental microwear analysis. Am. J. phys. 
Anthrop. 59, 195-215. 
Gordon KD (1984). The assessment of jaw 
movement direction from dental microwear 
Am. J. phys. Anthrop. _§]_, 77-84. 
Grine FE (1977). Analysis of early hom-
inid deciduous molar wear by scanning 
electron microscopy: a preliminary re-
port. Proc. electron Microsc. Soc. sthn. 
Afr. 2, 157-158. 
Grine FE (1981). Trophic differences 
between 'gracile' and 'robust' australo-
pithecines: a scanning electron micro-
scope analysis of occlusal events. s. 
Afr. J. Sci. 77, 203-230. 
Grine FE (1984). Deciduous molar micro-
wear of South African australopithecines 
In: Food Acquisition and Processing in 
Primates, Chivers DJ, Wood BA, Bilsbor-
ough A (eds), pp. 525-534. Plenum, New 
York. 
Groves CP, Napier JR (1968). Dental 
dimensions and diet in australopithe-
cines. Proc. VII Int. Cong. anthrop. 
ethnol. Sci.~, 273-276. 
Jolly C (1970). The seed eaters: a new 
model of hominid differentiation based 
on a baboon analogy. Man 2, 5-26. 
Kay RF (1975). The functional adaptat-
ions of primate molar teeth. Am. J. 
phys. Anthrop . .1]_, 195-216. 
EARLY HOMINID DENTAL MICROWEAR 
Kay RF (1985). Dental evidence for the 
diet of Australopithecus. Ann. Rev. 
Anthrop. 1.1., 193-218. 
Kay RF, Hiiemae KM (1974). Jaw ~ovement 
and tooth use in recent and fossil 
primates. Am. J. phys. Anthrop. i.Q, 
227-256. 
Peters CR (1981). Robust vs. g:a 7i~e 
early hominid masticatory capabilities: 
the advantages of the megadont~. In:, 
The Perception of Human Evolution, Mai 
LL Shanklin E, Sussman RW (eds), pp. 
161-181. University of California 
Press, Los Angeles. 
Peters CR (1982). Electron-optical 
microscope study of incipient dental 
microdamage from experimental seed and 
bone crushing. Am. J. phys. Anthrop. 
57, 283-301. 
Pilbeam DR, Gould SJ (1974). Size and 
scaling in human evolution. Science 
186, 892-901. 
Puech PF Albertini H, Serratrice C 
(1983). 
1
Tooth microwear and dietary , 
patterns in early hominids from Laetoli, 
Hadar and Olduvai. J. hum. Evol. 12, 
721-729. 
Rensberger JM (1978). Scanning electron 
microscopy of wear and occlusal events 
in some small herbivores. In: Develop-
ment, Function and Evolution of Teeth, 
Butler PM, Joysey KA (eds), pp. 415-438. 
Academic, London. 
Robinson JT (1954a). The genera and 
species of the Australopithecinae. 
Am. J. phys. Anthrop. 12, 181-200. 
Robinson JT (1954b). Prehominid dentit-
ion and hominid evolution. Evolution~' 
324-334. 
Ryan AS (1978). Wear striation direct-
ion on primate teeth: a scanning electr-
on microscope examination. Am. J. phys. 
Anthrop. 50, 155-168. 
Ryan AS (1979). scanning electron mic-
roscopy of tooth wear on the anterior 
teeth of Australopithecus afarensis. 
Am. J. phys. Anthrop. 50, 478. 
Ryan AS (1981). Anterior dental micro-
wear and its relationship to diet and 
feeding behavior in three African 
primates (Pan troglodytes troglodytes, 
Gorilla gorilla gorilla and Papio 
hamadryas). Primates 22, 533-550. 
Szalay FS (1976). Hunting-scavenging 
protohominids: a model for hominid 
origins. Man 10, 420-429. 
655 
Teaford MF (1985). Molar microwear and 
diet in the genus Cebus. Am. J. phys. 
Anthrop. 66, 363-370. 
Teaford MF, Walker AC (1984). Quanti-
tative differences in dental microwear 
between primate species with different 
diets and a comment on the presumed diet 
of sivapithecus. Am. J. phys. Anthrop. 
M, 191-200. 
Walker AC (1980). Functional anatomy 
and taphonomy. In: Fossils in the 
Making, Behrensmeyer AK, Hill AP (eds), 
pp. 182-196. University of Chicago 
Press, Chicago. 
Walker AC, Hoeck HN, Perez L (1978). 
Microwear of mammalian teeth as an 
indicator of diet. Science 201, 808-
810. 
Walker PL (1976). Wear striations on 
the incisors of cercopithecoid monkeys 
as an index of diet and habitat prefer-
ence. Am. J. phys. Anthrop. 45, 299-
308. 
Wallace JA (1973). Tooth chipping in 
the australopithecines. Nature 244, 117-
118. 
Wolpoff MH (1973). Posterior tooth 
size, body size and diet in South 
African gracile australopithecines. Am. 
J. phys. Anthrop. 22., 375-394. 
Wolpoff MH (1974). The evidence for two 
australopithecine lineages in South 
Africa. Yrbk. phys. Anthrop. 17, 113-
139. 
Discussion with Reviewers 
s.J. Jones: What did "careful mechan-
ical preparation" of the molar surfaces 
entail? Could marks have been added to 
the surfaces during this procedure? 
Author: In the few instances in which 
this type of preparation had to be 
employed, small bits of adhering breccia 
were flaked off of the surface of the 
tooth by applying lateral pressure to 
the matrix with a sharpened needle, and 
great care was taken to ensure that the 
needle tip did not make contact with the 
enamel. In the cases where hardened 
Glyptal coating had to be removed mech-
anically, the tooth surface was soaked 
with acetone in order to make the coat-
ing more pliable, and the coating was 
removed by placing a flattened needle 
tip between it and the tooth and gently 
lifting it from the surface. The needle 
tip was inserted between the G~yptal 
coating and the crown surface in the 
intercuspal fissure at the base of the 
cusp so that the needle tip did not make 
contact with the enamel wear facet. In 
Frederick E. Grine 
all instances, the work was performed 
under a binocular dissecting microscope, 
and great care was taken to avoid the 
problem of introducing preparation scars 
on the wear surfaces. 
S.J.Jones: When considering the degree 
of inclination of the facets to a stand-
ard horizontal, would not the mean occ-
lusal plane, if it could be defined, be 
a more relevant base than the cervical 
margin of the tooth? 
Author: I wholeheartedly agree that the 
mean occlusal plane is the relevant base 
against which facet inclination should 
be measured, but the problem, to which 
you rightly allude, is the determination 
or definition of this phantom plane for 
teeth that evince wear. The reason that 
I chose the buccal and lingual cervical 
margins to define the base is that the 
plane defined by these margins on a max-
illary permanent molar very closely ap-
proximates a horizontal, occlusal plane. 
S.J. Jones: If one examined the 
Australopithecus scratches stereo-
scopically, would the scratches that 
fell in the largest directional group 
also be found to be the deepest? Could 
you explain your answer? 
Author: I would predict that the 
scratches that fell within the largest 
orientation group (i.e., those with a 
distobuccal-mesiolingual orientation) 
would tend to be the deepest because 
these were produced during the power 
stroke of active side mastication. 
s.J. Jones: In evaluating the hetero-
geneity/homogeneity of the directions of 
the scratches, were the specimens ever 
rotated through 90 degrees, rephotogra-
phed and recounted? 
Author: No. The surfaces that were 
examined were orientated nearly perpen-
dicular to the electron beam, so that 
only minimal tilt was involved, and very 
few (if any) of the facets were posit-
ioned exactly the same in the microscope 
so that the BL axis was not of a single 
direction on the CRT. Thus, it is 
unlikely that the potential problem of 
orientation to which you allude would be 
relevant in this instance. 
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S.J. Jones: Is the angle of the enamel 
prisms to the surface of each facet, the 
depth of prism-free enamel and the 
degree of mineralization of the enamel 
the same in Paranthropus and 
Australopithecus? How would each of 
these structural features affect the 
development of microwear features? 
Author: I do not know whether these 
structural features are the same in 
Paranthropus and Australopithecus, 
although I would be surprised if they 
differed significantly. I also doubt 
that such structural variation, if it 
exists, would affect the development of 
microwear features inasmuch as compar-
ative data on other primates and mammals 
suggest that prism packing patterns, 
decussation, etc. do not influence the 
development of microwear features. 
.E..,_ Andrews: Would you care to comment 
on what might have been the cause of the 
differences between Australopithecus and 
Paranthropus wear? How did their diets 
differ? 
Author: It would seem to me that the 
principal difference involved the masti-
cation of items, such as seeds, nuts, 
and hard fruits by Paranthropus, whereas 
Australopithecus appears to have proces-
sed comparatively softer foods such as 
leaves and soft fruits. 
